During endurance exercise, fatty acid oxidation is increased with a concomitant increase in lipid peroxide accumulation. Carnitine facilitates fatty acid oxidation by transporting activated long-chain fatty acids into the mitochondrial matrix (1) and by removing short-chain fatty acids from the mitochondrial inter-membrane space, thereby decreasing the acyl-CoA/CoA ratio which stimulates the activity of pyruvate dehydroge nase and increases the oxidative potential of glucose (2) . Although humans are capable of endogenous car nitine biosynthesis, Long et al. (3) reported that in muscle, which lacks carnitine biosynthesis capability, long-term exercise results in a loss of carnitine. Further more, Brass et al. (4) and Decambas et al. (5) reported that exogenous carnitine may be required to maintain adequate carnitine stores to maintain fat metabolism during active exercise in athletes. For that reason, car nitine has been used by endurance athletes to increase fatty acid oxidation during exercise. However, studies on the effects of carnitine supplementation on exercise performance have yielded inconsistent results and the use of carnitine as an ergogenic aid remains controver sial (6) (7) (8) are depleted by the oxidative stress induced by exercise (11, 12) . Carnitine increases oxidative potential in muscle, therefore it also increases the potential for the forma tion of lipid peroxides. If exercise performance is limited by ROS, improved antioxidant status might increase the effectiveness of supplemental carnitine during endur ance exercise. Most research has focused on the use of a single nutrient to enhance exercise performance, but only a few studies have investigated the effect of multi ple ergogenic substrates on metabolic processes (13, 14) . It is common knowledge that athletes supplement their diets with multiple and not only single nutritional factors (15) . We used a combination of antioxidants designed to provide broad-spectrum prottection. These included vitamins C and E which are major antioxi dants in aqueous and lipid physiological environments and have a history of use by athletes (16, 17) . We also included melatonin, a powerful antioxidant which, unlike vitamins C and F, forms highly stable intermedi ates and has little or no potential for pro-oxidative activ ity, and may increase the effectiveness of other anti oxidants (18, 19) . Therefore, this study evaluated the combined effects of exercise training and supplementa tion of carnitine and antioxidants on lipid parameters, carnitine metabolism, and exercise performance. cise decreased serum vitamin E concentrations ( Table  3) . Supplementation of vitamin C, vitamin E, and mela tonin increased their respective serum concentrations (Table 3) . Serum vitamin E concentrations revealed an exercise and supplement interaction (Table 3) . Antioxi dant supplementation in both trained and untrained rats resulted in higher serum vitamin E concentrations, but serum concentrations were significantly lower in LTS than that of NTS. Carnitine concentrations in serum are shown in Table 4 . Serum NEC, AIAC and TCNE were higher in the supplemented and trained ani mals (LTS). The supplemented animals, regardless of exercise, had lower acyl/free carnitine ratios (Table 4) .
METHODS
Exercised rats had higher NEC, TCNE and acyl/free car nitine ratio; and supplemented rats had higher TCNE.
In skeletal muscle, both exercise training and supple mentation resulted in higher NEC, ASAC, and TCNE;
and carnitine and antioxidant supplementation result ed in a lower acyl/free carnitine ratio. groups by F-test. F-test indicated differences between groups, the differences were separated using Tukey's test.
trained and supplemented group (LTS). There was no effect of antioxidant supplementation in untrained ani mals (Fig. 2) An important finding in the present study was the changes in the acyllfree carnitine ratio which was reduced in the supplemented groups demonstrating a greater availability of free carnitine. Exercise training appeared to decrease AIAC concentrations, but supple mentation restored them to the same concentration as non-trained animals (Table 4 ). In this study skeletal muscle acyllfree carnitine ratios in LTS were lower than in LTNS. Skeletal muscle acyl/free ratio was signifi cantly reduced by supplementation of carnitine and antioxidants in non-trained rats, but was reduced even more in trained rats by supplementation. That is, sup plementation had a greater effect on lowering the acyl/ free ratio in trained rats than in non-trained rats (Table  4) . Recently, Bacurau et al. (40) reported that intragas trically administered carnitine increases TCNE and ASAC in soleus muscle and the effect was even greater in trained rats, as was seen in this study.
As suggested above, supplementation of carnitine and antioxidants may protect oxidative systems from exercise-induced oxidative damage and increase the uti lization of fatty acids, which may be reflected in the higher AIAC concentration in the LTS group. Other studies (41) (42) (43) have shown that maximal intensity exercise, but not submaximal exercise, causes a deple tion of free carnitine accompanied by increased acylcar nitine. Under extreme exercise conditions, supplemen tal carnitine may be required to maintain adequate carnitine stores for fat metabolism during intense exer cise in athletes (44, 45) . Earlier investigators demon strated that carnitine supplementation in trained ath letes increases fatty acid oxidation (6, 46) , but their results might merely be the result of exercise training rather than L-carnitine loading. However, our results show that the changes in AIAC and NEC in serum result from supplementation of carnitine and antioxi dants, and that the acyl/free carnitine ratio changes were the result of a supplement and exercise interaction in serum, suggesting that supplementation of carnitine and antioxidants is more effective when combined with exercise training. Therefore, the combination of car nitine and antioxidants may impart an additional advantage to the system that was not revealed in other investigations. Likewise the mRNA expression of both types is similar under fed and fasted conditions (61). Furthermore, the differences in the liver and muscle isotypes of CPT-I appear to be more related to their local environments than to functional differences. If, for instance, muscle CPTI was present in liver it would never be active because of the high malo nyl CoA concentration. Therefore, liver CPT-I does not affect muscle CPT-I but changes seen there are reflec tive of such changes in muscle and are frequently more reliable. In addition, the present study showed that the amount of CPT-I transcript is very reflective of long term dietary patterns, but the activity did not change significantly.
CPT-I activity may also be regulated by other factors, such as malonyl-CoA, as mentioned above (54). For these reason, we suggested that supplementation and training tends to increase liver CPT-I activities, although there was no statistical significance. Consis tent with this tendency, CPT-I mRNA levels were higher in both supplemented and exercise trained rats. The amount of CPTI transcript is very reflective of long term dietary patterns.
Several studies have reported that L-carnitine supple mentation in trained people and animals increases fatty acid oxidation (6, 46) , and that the maximal aerobic power (VO2max) in well-trained individuals may be somewhat enhanced by a preliminary administration of L-carnitine. Based on their data, the authors also postu lated that free fatty acid oxidation is significantly related to endurance exercise performance. Although we did not determine free fatty acid oxidation, our serum and tissue carnitine data in trained rats suggested a correla tion (r=0.64, p=0.02) between increased free fatty acid oxidation and endurance time (Table 4 ; Fig. 2 ) that was enhanced by antioxidants. Carnitine concentrations in serum and muscle as well as liver CPT-1 mRNA expres sion were highest in the trained group supplemented with carnitine and antioxidants. These data suggest an increased capacity for fatty acid oxidation, and the sig nificantly lower serum triglyceride may indicate that there actually was an increase in fatty acid oxidation in the trained and supplemented rats. The trained and supplemented group also had significantly longer endurance time than the other groups. This would sup port the concept of increased endurance exercise perfor mance with training being linked to improved fatty acid oxidation.
In this study, exercise training increased endurance in both supplemented and non-supplemented animals, but the rats supplemented and trained had approxi mately a 25% increase in endurance time over the non supplemented trained rats. We did not investigate the independent actions of carnitine and antioxidants.
However, because carnitine facilitates fatty acid oxida tion, it also has the potential to increase the production of lipid peroxides, which may be a limiting factor during exercise. These data suggest a synergism between car nitine and antioxidants that may increase the utiliza tion of fatty acids for energy during exercise.
